Purpose {#S1}
=======

In men, hepatocellular carcinoma (HCC) is the second leading cause of cancer deaths worldwide. It has been estimated that China accounted for approximately 50% of the number of new HCC cases and deaths that occurred worldwide in 2012 \[[@ref1],[@ref2]\].

Hepatocellular carcinoma or cholangiocellular carcinoma (CCC) are known to result in tumors in challenging locations, which have been classified as difficult lesions for laparoscopic liver resection \[[@ref3]\]. International surveys have indicated that laparoscopic liver resection is performed less frequently for postero-superior segments than for other favorable segments (segments 2-6) \[[@ref4]\].

As a standard treatment for stage B HCC, transcatheter arterial chemoembolization (TACE) is recommended according to the Barcelona clinic liver cancer (BCLC) staging system \[[@ref5],[@ref6]\]. However, some scholars have performed pre-resection HCC embolization and observed that the proportion of HCC embolism achieving complete necrosis after surgery was only 13% \[[@ref7]\]. A follow-up review after one or several sessions of TACE showed that in most cases of HCC, loss of iodized oil occurs after embolization. Furthermore, this continues to occur after repeated sessions of TACE. Consequently, TACE of HCC needs to be repeated or combined with other treatments as early as possible after initial treatment. For patients with unresectable advanced HCC, treatment combining sorafenib can prolong patient's overall survival \[[@ref8]\].

Iodine-125 (^125^I) seed implantation (ISI) is being increasingly used as a minimally invasive treatment and in the treatment of intrahepatic and extrahepatic tumors, as it has been shown to achieve a better effect \[[@ref9],[@ref10]\]. Combined TACE treatment for HCC can result in prolonged survival \[[@ref11],[@ref12]\]. To our knowledge, the ISI after TACE treatment of local residual HCC or CCC tumors in challenging locations has limited coverage in the literature. Thus, we conducted this retrospective study to evaluate the safety and efficacy of ISI for the treatment of HCC or CCC lesions in challenging locations following TACE.

Material and methods {#S2}
====================

Ethical approval of the study protocol {#S2_1}
--------------------------------------

This study was approved by the ethics committee of the Affiliated Hospital of Jiangnan University, China. The retrospective study collecting patients' information was approved by our institutional review board, which waived the requirement of informed patient consent. However, all patients were informed about the technique itself as well as possible benefits and complications and provided written informed consent prior to the procedure.

Because there is a lack of specific guidelines about challenging locations in HCC or CCC, our team applied a multidisciplinary experience of several departments \[[@ref13]\]. For the treatment of lesions at these challenging locations, the decisions were made by senior doctors from the hepatobiliary surgery, interventional, and radiology departments. The doctors discussed the treatment options at different time points as well as the puncture path of ^125^I seed implantation.

Patients {#S2_2}
--------

This retrospective study (between May 2014 and January 2019) was conducted in a single center, and enrolled 24 patients (18 males, 6 females; age range, 43-72 years, mean, 58.35 ±5.60 years). Patients were diagnosed with HCC or CCC lesions in challenging locations and underwent TACE followed by ISI performed immediately after. After single or multiple TACE treatments, patients were observed as still having local residual tumor activity in locations considered to be special (these included hepatic dome and close to the heart/diaphragm/hepatic hilum at a distance \< 1 cm). Therefore, ISI was used to further control the local tumor. Patients with tumors not situated in the afore-mentioned anatomical locations were excluded from the study. None of the tumors in the group had invaded the adjacent diaphragm, and no tumors ruptured before ISI. All cases were unable to tolerate surgery due to poor cardiopulmonary function or they refused surgical resection for personal reasons. There were 2 patients who had tumors located close to the hepatic hilum, and portal vein branch invasion was noted. The diagnosis and treatment of HCC or CCC patients in this group was based on the 'standardization of diagnosis and treatment for hepatocellular carcinoma (2017 edition)' \[[@ref14]\]. There were 19 confirmed cases with hepatitis B-associated liver cirrhosis, 1 case with hepatitis C, and 1 case with schistosomiasis-associated cirrhosis of the liver. Before ISI, there were 3 cases of bone metastasis, 2 cases of pulmonary metastasis, and 1 case with pulmonary metastasis and portal vein branch invasion. Each patient underwent laboratory tests (including routine blood tests, liver function, and coagulation tests) at least 24 hours prior ISI. Presurgical imaging consisted of contrast-enhanced computed tomography (CT) or/and multi-plane MRI. All patients were Child-Pugh class A or B and the Eastern Cooperative Oncology Group (ECOG) performance status (PS) 0-1, with a platelet count greater than 80 × 10^9^/l. All baseline information is presented in [Table 1](#T1){ref-type="table"}.

###### 

Baseline characteristics of the patients (*n* = 24)

  Variables                   Values         
  --------------------------- -------------- ----
  Age (years)                 58.35 ±5.602   
  Gender (male/female)        18/6           
  HBsAg (positive/negative)   19/5           
  ECOG PS                                    
                              0              20
                              1              4
  Child-Pugh class                           
                              A              19
                              B              5
  Macrovascular invasion                     
                              Yes            2
                              No             22
  Extrahepatic metastasis                    
                              Yes            6
                              No             18
  Tumor number                               
                              Solitary       7
                              Multiple       17
  Liver cirrhosis                            
                              Yes            18
                              No             6

Continuous variables were expressed as mean ± standard deviation, HBsAg -- hepatitis B surface antigen, ECOG PS -- Eastern Cooperative Oncology Group performance status

Transcatheter arterial chemoembolization {#S2_3}
----------------------------------------

In this group of patients, TACE treatment involved selection of superficial femoral artery using the Seldinger technique (manipulation of a 5 F R-H catheter to the right-hand side; Terumo, Tokyo, Japan) into the peritoneal dry artery, and the tumor blood supply into the arteries was confirmed by angiography. Using an angiography image as a reference, the microcatheter (Progreat; Terumo, Tokyo, Japan) was then guided to the tumor arterial blood supply. Through the microcatheter, conventional chemoembolization was conducted by injecting emulsified liquids of iodized oil (approximately 30 ml; Andre Guerbet, Aulnay-sous-Bois, France) and pirarubicin (20 mg/m^2^) into the supply artery until the flow was stopped or reflux was noted. Chemoembolization drug dosage depended on the tumor size and vascularity. If a hepatic arteriovenous fistula or hepatic artery portal vein fistula was observed, the appropriate size of gelatin sponge was selected according to the size of fistula for the embolization treatment of fistula. Liver-enhanced computed tomography (CT) review was typically performed within 6-8 weeks to determine the next treatment plan. For those patients with HCC tumors in challenging locations, we employed ISI to further strengthen the control of locally residual active lesions.

Implantation of ^125^I {#S2_4}
----------------------

The patient CT images were transferred to a treatment-planning system (TPS) (BT-RSI; Yuan Bo, Beijing, China). The target area was sketched and both the number of puncture needles (puncture tools provided by HTA, Beijing, China) and number of implanted ^125^I seeds (model-6711, length, 4.5 mm, diameter, 0.8 mm) were determined. The implantation in all patients of this group was completed using 16 rows of CT (Siemens 16-row CT; Siemens, Germany) and a planning target volume of 90% (D~90~) was estimated as 100-130 Gy for ^125^I seeds, with 25.9 MBq activity.

Before fixing and positioning the line marker at the surface area of the lesion, patient was arranged on the CT examination bed with the most appropriate position selected. The routine CT scan was initiated, and the target area of the lesion was circled. By combining the line marker and CT scan position, we determined the body surface puncture area and using the TPS plan, we were able to determine the angle and depth of the puncture needle. Then, the number of puncture needles and seeds required for the procedure were calculated. For those with HCC tumors in challenging locations, we were obliged to choose the right angle of the approach to the puncture. This would permit the location of the hepatic dome, while avoiding passing through the diaphragm. The experience of our team suggested performing a limited number of punctures passes through the diaphragm and lungs without significant complications.

Local infiltration anesthesia was carried out using 2% lidocaine, and the patient was instructed to breathe in a relaxed manner. T puncture needle was inserted in place after CT scan to confirm its location, the gun was implanted, and regressive needles injected individual ^125^I seeds with spacing \< 1 cm between the seeds. Immediately after TPS verification, we performed another CT scan after seed implantation, and assessed the matched peripheral dose. If a cold spot was noted in the local area, we replanted the seeds. The spacing arrangement of seeds followed the principle of gradual thinning outward from the center of the lesion. Further details on implantation of ^125^I seeds are described in previous studies by our team \[[@ref10],[@ref15],[@ref16]\].

Follow-up {#S2_5}
---------

All patients in the group were regularly reviewed (outpatient or inpatient). After the implantation, contrast-enhanced CT was performed 6-8 weeks after TACE or ISI, and if the lesion was stable, the review time was extended. Local control rate was evaluated according to the modified response evaluation criteria in solid tumors (MRESIST) \[[@ref17]\]. On this basis, we assessed local control of HCC tumors in challenging locations after 3, 6, 12, and 24 months after ISI ([Table 2](#T2){ref-type="table"}). HCC follow-up review time was in accordance with the guidelines. We routinely performed blood tests, liver function, alpha-fetoprotein (AFP), carbohydrate antigen (CA)19-9, and CA125 on every patient admission. Overall survival was defined as the interval between the first seed implant and either death or last follow-up. If lesions had progressed or there was distant transfer, we continued with TACE, TACE and ISI, or combined TACE with other therapies.

###### 

Local control of 24 HCC or CCC tumors in challenging locations after ^125^I seed implantation following TACE treatment

  Follow-up time (months)   Local control efficacy   Local control rate (CR + PR/total)           
  ------------------------- ------------------------ ------------------------------------ --- --- --------
  3                         11                       6                                    4   3   70.83%
  6                         13                       6                                    5   0   79.17%
  12                        13                       7                                    4   0   83.33%
  24                        12                       7                                    3   2   79.17%

CR -- complete response, PR -- partial response, SD -- stable disease, PD -- progressive disease

All patients were monitored for 4 hours after ISI and were discharged on the next day. Technical success, treatment response, patient survival, and complication rates were evaluated. The follow-up protocol consisted of clinical visits and contrast-enhanced CT at 1, 3, 6, 12, and 24 months. Complications were classified as major or minor according to international reporting standards \[[@ref18]\]. Pain scores were recorded using a 0 (no pain) to 10 (maximum pain) visual-analogue score at 2 hours after the procedure and on 1-day post-ISI.

Statistical analysis {#S2_6}
--------------------

The survival curves and statistical analyses were performed using GraphPad Prism, version 5 (Avenida, CA, USA). Continuous variables were expressed as mean ± standard deviation. Overall survival was displayed using survival curves. Follow-up time started from the date of seed implantation.

Results {#S3}
=======

Patients and treatment-related conditions {#S3_1}
-----------------------------------------

A total of 24 HCC or CCC tumors in challenging locations in 24 patients were treated with CT-guided ISI implantation after TACE. TACE (2 ±1, 1-4 times) was employed before ISI. Enrolled patients with tumors were located in the hepatic dome (*n* = 10; 41.7%), subcapsularly (*n* = 6; 25%), close to the heart (*n* = 3; 12.5%, all located less than 1.5 cm from the heart), and the liver hilum (*n* = 5; 20.8%) ([Figures 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}). The maximum diameter average of the aforementioned tumors was 40.08 ±11.34 mm (range, 25-68 mm). Tumor location and size are reported in [Table 3](#T3){ref-type="table"}. Alpha-fetoprotein was ≥ 400 in 7/24 patients. The pathological status for 11 patients was hepatocellular carcinoma, intrahepatic cholangiocarcinoma for 9 patients, and the remaining 4 was mixed. Six cases had tumor staging of III b by extrahepatic metastasis (see [Table 3](#T3){ref-type="table"} for more information on cancer and treatment). All patients in this group had good follow-up attendance (30.42 ±13.58 months, 10-56 months, and overall survival in follow-up) as shown in [Figure 3](#F3){ref-type="fig"}.

![After TACE treatment of HCC tumors in challenging locations, we located tumors in the hepatic dome after 4 months. We were unable to achieve complete embolism or completely inactivate the lesion. However, 2 months after repeated TACE and ISI, we attained good control of locally active residual lesions. **A**) After repeated TACE of HCC tumors in challenging locations, we were unable to achieve complete embolism and locally residual active tumors were still present; **B**) Findings at 3 months after repeated TACE followed by ISI; **C, D**) Review of PR at 3 months and 7 months after ISI, respectively; **E**) At 12 months after ISI, TACE was repeated and complete embolism was achieved; **F, G**) Review of CR at 18 months and 22 months after ISI, respectively, and examination of new intrahepatic metastasis lesions after ISI treatment](JCB-12-41150-g001){#F1}

![After three TACE treatments for HCC tumors located in the subcapsular area, residual tumor activity persisted. However, the timing of ISI treatment resulted in well-controlled tumors. **A-C**) After the third round of TACE, patients with HCC still had active disease in tumors in challenging locations; **D, E**) Findings after two consecutive rounds of ISI in 4 months; **F, G**) Review of PR at 8 months and 12 months after ISI, respectively; **H**) Repeated ISI for local, residual disease; **I-K**) Review of CR at 18 months, 21 months, and 25 months after ISI, and mild radioactive pneumonia; **L**) Review at 28 months, after TACE was performed before CR was achieved. The Figure shows iodized oil deposition in new intrahepatic lesions](JCB-12-41150-g002){#F2}

![Overall follow-up survival curve](JCB-12-41150-g003){#F3}

###### 

HCC or CCC tumors in challenging locations and treatment-related conditions

  Case no.   Tumor size (mm)   Location                   AFP (ng/ml)   CA125 (U/ml)   CA19-9 (U/ml)   Staging   Number of TACE sessions   Number of seed implants
  ---------- ----------------- -------------------------- ------------- -------------- --------------- --------- ------------------------- -------------------------
  1          49                Hepatic dome               178.4         235.7          89.55           IIa       2                         60
  2          34                Close to the liver hilum   ≥ 1210        /              /               IIIb      1                         40
  3          33                Subcapsular                /             44.7           35.8            IIa       1                         40
  4          68                Close to the heart         43.2          65.2           203.2           IIIb      2                         90
  5          34                Hepatic dome               /             56.7           87.45           IIa       1                         40
  6          49                Hepatic dome               ≥ 1210        35.5           /               IIa       1                         50
  7          34                Subcapsular                /             88.9           97.21           IIa       1                         60
  8          25                Close to the liver hilum   /             37.43          56.32           IIIa      2                         40
  9          38                Close to the heart         /             45.3           78.7            IIa       3                         40
  10         28                Subcapsular                ≥ 1210        21.2           10.05           Ia        1                         30
  11         55                Hepatic dome               ≥ 1210        /              /               IIIb      3                         70
  12         36                Hepatic dome               130.5         76.44          549.1           IIa       3                         40
  13         26                Hepatic dome               43.3          /              /               Ib        2                         30
  14         58                Close to the heart         ≥ 1210        /              /               Ia        2                         70
  15         50                Close to the liver hilum   /             64.82          39.16           IIIb      4                         70
  16         38                Subcapsular                67.8          79.3           55.3            IIb       2                         40
  17         54                Hepatic dome               ≥ 1210        33.7           /               Ib        2                         70
  18         33                Hepatic dome               /             /              /               Ib        1                         50
  19         26                Subcapsular                /             41.3           75.22           IIIa      1                         30
  20         30                Hepatic dome               57.22         /              87.2            Ib        2                         30
  21         36                Subcapsular                35.3          54.1           /               IIa       2                         40
  22         43                Close to the liver hilum   /             32.44          219.1           IIIb      2                         40
  23         47                Close to the liver hilum   ≥ 1210        434.2          44.2            IIIb      2                         50
  24         38                Hepatic dome               11.7          /              65.4            IIa       2                         40

AFP -- alpha-fetoprotein, CA125 -- carbohydrate antigen 125, CA19-9 -- carbohydrate antigen 19-9, "/" meaning for the normal range.

Tumor size refers to the magnitude of HCC-LBD. The number of TACE episodes before ISI are shown. Staging is based on the clinical staging of China's 2017 version of liver cancer guidelines \[[@ref15]\]

Efficacy of ISI after TACE {#S3_2}
--------------------------

An angulated indirect approach through the normal liver parenchyma was performed in HCC or CCC tumors located at hepatic dome, whilst an indirect approach through the normal liver parenchyma was performed in the remaining HCC or CCC tumors. Technical success rate was 100%; twenty-four patients with HCC or CCC tumors in challenging locations were treated with 27 episodes of ISI (3 of which underwent supplemental ^125^I seed implantation). The total number of implanted seeds was 1,160, with a mean seed count of 48 ±16 per patient (range, 30-90 seeds). The mean D~90~ value for implanted ^125^I seeds was 125 Gy.

CT examination was performed 6-8 weeks after TACE/ISI, and tumor control was assessed based on the measurement of diameter of the tumor during CT enhancement. CT review based on changes in tumor size are shown in [Figures 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}. Complete response + partial response (CR + PR) was documented in 70.83%, 79.17%, 83.33%, and 79.17% of patients at 3, 6, 12, and 24 months after ISI, respectively. At the early stages of follow-up, there were 3 cases of progressive disease (PD) associated with HCC tumors in challenging locations due to irregular tumor shape. The number and arrangement of ISI as well as local control was good after the repeated implantation of ^125^I seeds. At 24 months of follow-up, 2 patients were found to have a new HCC tumor in a challenging location. Patients with multiple metastases at the end of 24-month of follow-up refused to continue with ISI treatment.

Adverse events {#S3_3}
--------------

All ISI procedures were completed successfully. No major complications including serious diaphragmatic injuries (e.g., diaphragmatic disruption, paralyses, increase in diaphragm thickness, or right pleural effusions) were observed. There was no procedure-related mortality. During surgery, 3 cases were implanted through the diaphragm and 1 patient exhibited a small degree of pneumothorax. The patient had less than 20% of blood appearance in a phlegm, no detailed chest tightness, shortness of breath, and was discharged after two days of observation. During follow-up, 2 patients were noted with ^125^I seeds transferred to the diaphragm, and 1 patient experienced seed transfer to the heart cavity. However, close follow-up was performed in all patients and they were reported to be well. The mean pain score according to the visual analogue scale (VAS) was 1.31 ±1.23 during ISI, 0.82 ±0.55 at two hours after ISI, and 0.02 ±0.21 at day 1 post-ISI. After surgery, the blood, liver, and kidney functions were normal. One individual experienced subcutaneous implant metastasis.

Discussion {#S4}
==========

Treatment of HCC or CCC tumors with challenging locations is associated with technical difficulties, which means that surgery, radiotherapy, and microwave treatment cannot be used. Laparoscopic liver resection (LLR) is now widely performed, but it is difficult to accomplish in some anatomical locations, such as the postero-superior segments (S7 and S8) and caudate lobe (S1) \[[@ref19]\]. Ablation therapy has also been used frequently in the selection and guidance of surgical entry routes \[[@ref20]\]. TACE is a classic treatment for HCC and is performed through the hepatic artery approach to find supply vessels of HCC. It permits further ultra-selective treatment and is not affected by challenging locations, which are evident in such tumors \[[@ref14],[@ref21]\]. However, even after TACE and repeated multiple TACE treatments, a large proportion of patients with HCC still cannot attain complete cure by embolism \[[@ref7],[@ref22]\]. Therefore, other treatments must be combined as early as possible after treatment failure.

ISI implantation has been gradually developed in clinical practice as a new, minimally invasive treatment for unresectable HCC therapy. Previous studies have shown that TACE combined with ISI permit to control liver tumors by local therapy, which is beneficial for patients \[[@ref11],[@ref12]\]. Basic experimental studies have confirmed that ^125^I seed implantation control tumors mainly through apoptosis and G2/M cell cycle arrest \[[@ref23],[@ref24]\]. According to the results of this and our former study \[[@ref25]\], ISI can be used safely and performed in challenging hepatic locations, including the hepatic dome, subcapsular location, or locations proximal to the heart and diaphragm. Additionally, ISI in these locations was reported to achieve very satisfactory local control rates (20/24 tumors in 12 months, 83.33%). However, it must be noted that each hepatic location warrants a different approach and an individualized strategy in order to achieve total tumor control without significant complications. In the present study, ISI was performed by experienced physicians under CT guidance, sometimes at a distance of 1 cm from the diaphragm. Importantly, ISI treatment did not result in artificial diaphragm perforation, rupture, thoracic ascites, or other conditions. Moreover, Chinese scholars have conducted a lot of research on HCC using portal vein tumor thrombus combined with seed implantation \[[@ref26]\].

Ablation therapy is recommended for patients with small HCC (≤ 3 cm in number and diameter) \[[@ref27]\]. However, the use of ablation in the liver beneath the diaphragm is often a limiting cause of pneumothorax \[[@ref28]\]. Pain during a procedure in challenging hepatic tumor locations is quite common after ablation. Hakime *et al*. clarified that artificial ascites prevent only immediate post-procedural pain, which re-appears intensively after 4 days \[[@ref29]\]. ISI is associated with a slight pain, which is an advantage when comparing ablation treatments. In a study by Fang, combined ^125^I seed implantation based on TACE and radiofrequency ablation (RFA) in the treatment of subcapsular HCC was used and demonstrated to improve efficacy \[[@ref30]\].

CT-guided high-dose-rate brachytherapy (CT-HDRBT) is an effective therapy for attaining good local tumor control (LTC) in both primary liver tumors, e.g., HCC and CCC as well as metastases \[[@ref31]\], especially when the tumor diameter is larger than 5 cm \[[@ref32]\]. One study found that 8.5% of tumors (from a total of 212) showed local progression after a mean LTC of 21.1 months \[[@ref33]\]. CT-HDRBT is a promising therapy for unresectable HCCs that are not suitable for thermal ablation, because their mean size exceeds 7.1 cm; the mean follow-up period reported was 12.8 months, with a local progression rate of 6.7% \[[@ref34]\]. Treatment of patients with large-sized HCC remains challenging, and survival of patients in advanced tumor stages is limited. Some studies have reported that treatment with TACE and subsequent CT-HDRBT results are associated with a very promising survival rate for patients with unresectable HCC \[[@ref35]\]. From the economic perspective, CT-HDRBT is less expensive than RFA and MWA \[[@ref36]\]. Therefore, the combination of CT-HDRBT with TACE offers a dual advantage in the treatment of tumors. In this study, ISI was only used as a local complementary treatment for residual HCC or CCC after TACE.

In this study, the local control rate of HCC or CCC tumors in challenging locations was quite poor. Most probably, this was caused by too sparse seeds' arrangement, resulting in poor local control rate of lesions, which continued after two further replanting sessions of ^125^I seed. We believe this could be due to more advanced disease in the subsequent follow-up of local control rate. Some lesions are difficult to treat due to their irregular morphology. Consequently, in order to achieve good local control effect, the seed dosage may be rather biased. For 2 patients, it was not possible to continue local seed implantation to strengthen the control of local lesions. In a small cohort of 24 patients, this may adversely influence the efficacy of the technique. ISI treatment of patients with HCC or CCC tumors in challenging locations is not strict due to the patient's cardiopulmonary function requirements. However, it can be repeated for ISI treatment at any time as long as the seed covered lesions are estimated to exert local control. Furthermore, patients appear to easily accept ISI treatment, they recover fast, and the application of the technique is relatively easy.

In this group, only 1 patient showed subcutaneous planting metastasis. Analysis of the approach to the angle of choice for the patient can be technically quite difficult. We recommend that to minimize the number of punctures, in vitro optimization should be taken as a reference before needle selection. Unlike ablation therapy, ISI can melt the puncture path at the same time, which is the main drawback of ISI.

TACE combined with ISI to treat patients with HCC or CCC tumors in challenging locations is very safe and efficient. Patients generally experience little pain and they recover quickly. Although our study provides positive findings, some limitations should be noted. Our study was of a retrospective nature and the small patient sample size may not be generalizable, especially for tumors in certain challenging locations, such as close to the heart or to the liver hilum. Consequently, our findings are relatively limited and larger studies are required to confirm our observations.

Conclusions {#S5}
===========

CT-guided ^125^I seed implantation for the treatment of challenging HCC or CCC tumors (diameter range, 25-68 mm), including those located in the hepatic dome or close to heart/diaphragm/hepatic hilum, resulted in satisfactory efficacy and safety rates. These experimental approaches should be further investigated to validate our findings and to provide encouraging data.
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